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kultiple-choice  intelligibility  ‘oests  v;ere 


tar  II  for  i';easuT':tr,g  the  results  of  ti'aining 
the  tests  have  been  applied  only  ii:  situaui 


j n 


uovelocecl  dnrdr:g  '.'.orld 
voice  CO! ’Vi • un i c a 1 1 on  . 


cas Iona  1 


i_/  O X <,•  X 


iiiearuretnent  \ia.s  required  that  etr 
o.  c.  I 'tor*  clPvSSPCorn  ■^'5'' t;  7'*i3r.  t"-1  nr. « 


in  '.vhlch  only  sji  oc - 
ployed  uVie  same  personriel, 
il'i  i a re,  a t r ■!  r,  t,  i or 


of  the  Ltif lexibility  oC  the  i'-ultiple-ciioice  te; 
inyoosed  by  a single  .to.rmal  priiited  answer 


jnd 


a rog  e 

, ^ rv  »- 


^ecauGe 


; r:  i 


ditlo'-'p.l  i'orms  have  beeii  devised  .an  "!  the  t,o; 
in  evaluating  equiprr.ent  and.  tv^a  oe  ri  or  ■ri  ce 


the 

! ore  i-ecsj. tly,  Ptd- 
>-a  ve  been  used  extensively 
ooerai'.ors.  durraai  ies  of 


approximately  20  such  uulica  tiori  s co.-nprise  this  T'epor 
typical  ^ ess  ir  elude  eva!^  nations  o.f 
terripoi'al  regularity  of  voice  si^ials, 
recoi’ded  speech,  a I'elaLior.sViip  betreen 

components  o* 


i'he  tonics  o.t 


■isual  .'Oiiitcrlrg  of  voire  level, 
d-e  relative  intelligibility  of 


.1  T 


: hi  lit- 


;he 


, ■ do  — t or  e ar  ■ 
t ov.’e  r-  to-e  : i era 


free -room'’ 


i‘a  c..  2.  o 


oor'ina  ri  sor  ■ s 
s V i.n  • 


oJ 


al  tei'nat  i vfc  lieacsets  me  : 'iemu' -i'.or  ss  , and  bor;e-cor;duct  ion 


A slr^-’-nlar'  'u  c i 1 i so  t i or.  of  the 
con  Iroi.li  ny  the  seo-?rat-’or  tiire  of 
ranidity  with  which  the  test  items 
systems • 


: iulti -.■•le-c:  cir;-r  te-sts  is  throurh 
the  test  itt.".s  and  do  tern  ix-,  ir.g  the 
ca.u  c e identified  through  companisen 


IlvTRODlJCTION 

The  several  components  of  a voice  c ommui-.ica  t ion  system  cormoonly 
reouire  svaluatlori  with  respect  to  their  efficiency  in  transmitting 
speech.  The  multiple-choice-  \.ord  .‘ntelligibility  test  provides  a 
measure  of  the  relative  proCiclency  of  both  eouipment  and  speak'-’ r-- 
listeners,  as  in.  a co::iparison  of  scores  earned  before  and  after  train- 
ing. One  set  of  these  tests  was  devised  during  world  ' ■^r  II  TTl ) end 
a similar  set  has  beer,  developed  more  i-ecently  at  this  Laboratory  (4). 
Each  set  consists  of  a pair  of  12  lists  or  either  24  or  27  word  items 
with  the  lists  eo-uated  i.  or  iieari  di.fficulty  and  variance  of  tne  relative 
,r:nc:,:tion  scores  of  the  individual  items,  A listener-  responds  to  three 
words  that  are  read  with  ar.  ir- eroduc tory  or  carrier  ohr-ose,  the  five 
words  cos'iprising  a single  -unit.  [.Is  response  to  a test  ite>n  is  to 
d:raw  a line  through  rhe  word  he  ’ne.s.r-6,  uiie  of  a gro'ip  of  four  "option-" 
vrord  ,■  that  appear  toretber  or.  Iris  ar.s'vver  form,  .L’hese  four-  words  in- 
clude the  te.st  itc:r  arnd  the  tlrree  words  that  were  written  most  fre- 
ouently  as  .mirtakes  wrier-  the  s-cimulus  '.vord  was  presented  ir'.  write- 
down tests, 

l-.-i  s tori  cal  ly,  iistelli  gibiliLy  tests  were  employed  in  the  evaluation 
of  comniunica  tlon  eoulo.'vent  before  they  were  used  ir'i  measuring;  the  speak- 
ing efficiency  of  talkers.  Engineers  of  the  well  Telephone  Laboratoi'ies 
tested.  tViP  conoonents  of  telephone  systems  in  this  .manner,  and  expressed 
results  i-elative  to  an  orthctelephonlc  system,  i,e.,  the  articulation 
score  ir  oui.et  at  100  cm.  through  sir  in  a sown  d- tree  tc  d room  ( 0 ) . (Air 
electr-lcMl  eoui  valent  of  the  ortViotele  phonic  system  was  constructed.) 
Speech  te.sts.  were  .'.vU:.ely  usee  dn korld  '.-ar  II  to  evaluate  aiv-cmia- 
-t'i-y-e  enui  omer’ S' s . The  t;i.'pical  tests  were  write-no-,v;.  as  t o met>^ods  of 


r-f'Mponr ~ r,  s;.- 1)  ab It.- , or-  r beace  L;;p'C»  '..‘he 

ships  a;aong  these  three  'wei-e  l o r-: .ea  1 a t f (iT  ( G , } . 

Oiie  pvirpose  oi'  the  present  I’coori:  is  l.o  pr^r.eiit 


■T'-  }'• 


L'-i  U j « 


• V-.  ■;  . 


t rations  the 


■31  V -U 


ci  triC  t:;  ple-cho :1  ce  jnte]  livlbilj. 


ugh  illus- 
test" 


In  nieasi.iring  and  appi'aislni , tt;e  voice  nal  and  co-.'ijr.uriic‘  tiori  e- 


ilai-".: 


--  w I 


.Of  se 


e.ets  ovej-  con ven tiona! 


quipinont  . ho  advantasr  is  c 
■writc-dovo;  ic:-;r;r  v;ith  regard  ':,o  cithci  validity  or  reliahnity.  The 
Multiple-choice  tCvSts,  however,  are  'licre  eerr  onilcal  ir.  ■ i.ne  nC  scoring 
Slid  see:;,'  to  or.rer  a More  arree.?blc.  task  lohai*  v.ri  te- ..iovav  trstc  to  e>:- 
peri.'-ier’ta  1 euhhvcts.  this  latter-  Tact  .-ay  he  of  or. cnqiiet  ce  only  in 
circumstances  tV:at  Ir.volve  ac:ateux'  experi-'icu. to.l  r^iyects,  Eilhiei-  a 
template  or  Ir.  equipment  :a-y  be  v:ccc  :Lr';  scorinf  li.eter;ers'  resoorees, 
deperiding  on  tv,p  tyne  oT  answer  .or:.":  that  is  employed.  A necessary 
precai'tion  in  interpreter;:-  'T-ce  exnn.  Ir-s  oT  t'ae  present  report  relates 
to  the  "circular"  Lnplicatlon  that  since  the  test  distingitishcs  among 
erperimen ta  1 corrditions  (a)  the  If  s;  is  "iood"  arul  (b)  the  conditions 
are  "dissimilar."  ibis  prec.''”itlon  is  especially  relevant  since  ;-:Ost 
of  the  illustrations  herein  are  presented  as  experii.;e-r. tal  findings-- 
a second  piu'oose  of  the  report--as  well  as  -.exa;,;ple  s of  the  usefulness 


of  the  ;':iultiDls-choice 


s t s . 


The  a pplicatiori s of  bh-e  i.sjiltiple-choice  tests  that  are  clscu 
with  res'.rect  to  the  evaluation  of  f-ei'lc;:'e!i-c  and  its  operation  are 
groupfc-d  Under  i'oiir  headings:  [a)  "voice  riin-.al,"  a comparj.scon  of 

or  more  modes  oi”  perfon;;ance  by  the  operator;  (■'}  direct  corrio&r'-? 


;e  d 


of  alternative  equipmer'ts  ; ( c. } "response  rea  dine.s.s  , " a co.mporison 


two 
or.  s 
of 


hear  especially  recorded  tests, 
controlled  in  speed,  via  alternative  equipments;  (d)  ".-fficlency 


th'"  scores  of  listeners  when  the 

r.oise,"  a comparison  of  the  scores  of  listeners  w'aen  hearing  reco 
of  t’.'.'c  tests  via  alternative  equipments  as  r-(--nrodwcer;  t’nrough  s_n. 
ficial  voice  in  a controlled  noise  environment. 


m 

rd  in  x-  s 
arti- 


i’he  majority  of  researchers  v.-ho  work  with  proble.ms  involvinr  Iri- 
tsl llgiblllty  are  Bccustoi-'ed  to  situ-ations  that  involve  a limited  n’,unber 
of  trained  listenir.r  crews.  dome  of  these  crews  work  prcfess.ionally 
as  listeners.  The  studies  of  the  present  report  were  co:.;ducted  with 
pai:;els  of  listeners  who  served  as  exDerimenoal  subjects  at  ;:-.ost  for 
three  or  four  different  experiments  fcllo-.Ji:  y a br.ief  period  of  iii- 
doctrination  or  trailing. 


A, 

sn 


Four  forms 
3,  C_  and  h. 
d i orns  0 end 


(11, 


of  the  multiuie-choi.ee  tests  are;  referred  to  as  i'orms 
i'orrns  A and  L are  the  ha.cgon  t'‘st,  24  items  per  list, 
D arc  the  oneM  loc.^-lly  developed,  27  items  per  list 


AFFLIwAnOb  1:  VO'KCE  STGi  AL 


’^'■nr.Triarles  of  tests  related  to  sceekei’  peri'orm.ance  follov;.  In 
these  in.stances  th*-  sneaker  is  vie',ved  as  sn  operator  of  voice  com- 
!t:ur  icatlon  equipment. 

A,  Visually  monitored  voi^e  level.  I-.  irjety- s I;--  exoerimei'.tal 

sub  j ect  s--reseErch  person;  cl,  faim i 1 io r v/it’i  the  teats  except  for 


indoctrinst ion  and  practice  In  the  te 
gibility  tests  o.f'  xoriris  A and  B,  Eac 
treated  room  5ji  the  presence  of  E5  db 
spoke  into  an  Al te c- Lai: s.ing  21C  chest 
liiches  from  his  'iouth.  (Lirections 
Appendix  A.)  The  side-tone  under  I'.he 
was  approximately  105  ub,  the  peak  va 
condenser  microphone  system  and  read 
(Modd  400-C). 


stinc  piaocp  dni.  e- -read  the  intelli- 
h subject  i*ead  fi’cm  a small  sound- 
er recorded  aircraft  noise.  He 
-plate  iulcrophone,  positioned  six 
or  the  speakers  are  reproduced  in 
earphone  cushions  oi’  the  reader 


luc 


^ Jt  ^ ^ ^ 

J_Xi  VU-L  ^ <A  L»  O 


n-r-CiKo  -hllh*^  — 


on  a He'.vlett  Packard  voltmeter 


Panels  of  IIj; teners  sa 
room  apart  fi-u.;!  the  speaker 
aircraft  :.oise,  pr'opellev-  t 
H3-55  headsf'+--r.  dhe  modal 
the  lister,  or  s'  earphones  v;s 
system. 


t in  tablet  arm  ctiair-s  in  a scui:d- treated 
s end  .in  the  piesoncc  of  110  db  o.f  shin  la  ted 
ypo , The  lister  ers  beard  the  tests  through 
oealc  value  oi'  the  speech- to-noise  ratio  under 
s 10-12  db  as  ir.dicated  by  the  probe  tube 


the. 


v.a: 


:o  t'st  the  effect  iioor.  intell  i p.ibility  of  s vistial 


m '-n it c rin r s’'*sten  for  t’le  sirr.al  level  of  bhe 


r-°dios  an 


'.cice  recor'eis 


•Vcirn 

am 


in 


ypicr.  11-'  include 
o pc  r a tor  a I'  OU' t a 


s pe  a he  r . - o.mn  e r-c  in  i 

a visual  ..onitorinr  device 
sih’iial  level  that  is  too 


to  oiotcct  Efainst  overcrlvlnr  the  eouipm'^ 


I » * 


that  s‘"-rves  both  to 
weak  to  be  readable 
in  other  v.'ox’ds.  to  increase  the  likelihood  of  control  of  the  level  of 
the  signal  at 
oos  s : bllit"'’’ 


:ne  soui’ce. 

i tellers 


the  [.resent  compai’ison  was  'c  explore  the 
' sneech- recf  otion  scoi'es  be  affecte; 


iv::.ent , 


by  unmonitored  and  varying  voice  levels  in  the  san;a  earner  as  equ'.pme 
and  that  a visual  /ion i torin:-  device  uii'-ht  serve  to  stabaiize  the  sound 
or e s s u r c-  level  o .i 


the  soeakei*. 


One  half  of  the  experimental  subjects  i‘ead  under  the  standard 
directions  (Appendix  A).  rhe  remaining  half  read  v;ith  the  additional 
instruct  j.  on  5 "Keep  the  needle  of  the  raetei'  at  .minus  2."  The  pre- 

scribed relative  level  was  the  typical  value  of  the  signal  v;hon  a 
preliminary  group  of  subjects  read  the  tests  under  standard  insti*uctions , 
Hence,  it  v/as  not  necessarily  L.he  optimum  level.  'The  order  of  these 
experimental  conditions  vvas  reversed  i'rcm  one  panel  of  12  speaker- 
listeners  to  another. 


The  rooms  that  were  used  in  the  studies  of  thi;  report  have  a noise 
level  in  quiet  of  27  db  (General  Radio  n'eter,  A scale)  and  an  isolation 
attenuation  of  55  db.  The  walls  and  ceilinr  are  i'aced  with  Joiina-l.'pn- 
vllle  "'Transite . ” The  floors  are  carneted. 

The  noise  of  propeller- type,  airplanes  is  produced  by  a harvard 
generator;  white  noise  originates  with  an  H,  H.  Scott  noise  reneratoi*. 
Type  810- A, 

A 50-v.'att  amplifier  feeds  four  Altoc-Larsing  2B7-n  a;aplifiers, 

250  watts  each.  Each  2n7-'v.  amplifier  drives  one  of  a bank  of  four 
AT  tec-Larsing  515  low  frequency  reproducer  uiiits  ;nour.ted  in  a aoc.ified 
A-2  baffle  '.vitii  four  .Altec  200-b  high  frequency  drivei-s  "iounted  on  top 
of  the  515  horns  dispersed  uhrough  a irmlti-celicd  horri  and  four  Altec 
802-G  "su.oer- tweeters"  mounted  witiiin  the  flair  of  the  A-f.  h'.)m. 


ttesulbs.  There  v/as  no  sto  tie  tlcally  el/-riificant  dif['ei  ence  br-r.'.vc-en 
the  intellicihili  :y  scores  that  ac cornpanlec]  the  two  conditions  : neans, 

'Vioriitored''  63. "not  monitored"  <"^,’7,  -,  ;t  = .50  (C4  d.i',},  iher'e 
are  various  posslMe  explanations  ol'  this  nerative  result  :includir.~  the 
one  -hat  the  tfost  v,as  not  sufTicl en.tly  sensitive  to  tietect  a dif/ renee . 
I'his  lattei’  possibility  seems  i’.iiprobable  in  view-  of  13  (below).  Oi.ner 
explanfltions  would  be  that  the  acoustic  iioriltcrinp  system  supplies  cues 
that  lead  to  both  an  adequate  sound  oi'essure  level  and  ax.  even  level; 
and  that  a visual  system  is  "i  ot  followed  axavway,"  .is  stated  above, 
the  selected  reference  level  was  not  necessarily  the  opti.r.um  one.  fhere- 
i'ure,  the  view  that  the  acc-stic  '■''on i teriX' ''  system  yields  an  "adccuate 
leve'!"lay  outside  the  scope  of  the  study.  i.'he  possibility  that  the 
selected  level  tends  to  be  maintained  evexily  is  coiisistent  with  J/  (beiov) 
and  the  in  lication  therein  that  the  speaker  is  sensitive  to  the  accustjc 
feedback.  The  cuestion  of  ’wnether  the  visual  system  is  followed  or  not 
leads  to  an  examinatlor  of  the  standard  deviations  of  the  arrays  of 
scores.  Presunably  an  effective  visual  systejn  would  increase  the  level 
of  "weak"  voices  ax;d  decrease  the  level  of  "stronr"  voices  and,  in  turn, 
reduce  the  variability  of  intellipibili  ty  scores.  The  obtaixicd  standard 
deviatioxis  were:  visually  ;:onitored,  9,5,.;  not.  '.n.-uelly  ::ionitore d, 

ll.P'-.  These  values  r.ii  ~ht  ir'dicate  that  the  speakei-s  followed  the  system 
and  that  varlabllitv  amonc  voices  was  reduced  wiif.'ni;  .-.df‘  the  mean 

intelligibility  of  the  -’roup, 

B.  Side- tone:  aco-.istic  reflection  to  t'-'e  oar  ii'  c;v?  ~ at , -he  soiuid 

pressure  level  of  the  speech  siyr.el  is  a inajor  i’*' wermine  r of  intelliri- 
bility  (1,3,11,12,13),  The  level  at  which  a sjecl-er  tsiks  is,  in  tuxn, 
affected  b;’-  conditio.ns  that  determine  the  level  with  vdiicb.  a sperf'er 
hears  himself,  in  other  words  his  side-tox)e  or  acoustic  feedbaclc,  nooms 
of  differing  sizes  aiid  reverberation  time  are  l-cnowr.  to  alter  the  level 
at  which  a person  talks  (2).  ■.■•■he  t-'ier  or-  not  tills  change  in  level  is 

sufficient  to  affect  the  spealeex-'s  int.  lligibility  has  not  been  deter- 
mined, koreo V8 1'',  cne  wiulbiple-choice  intelligibility  tests  v/ere  con- 
structed ior  use  with  a noise  barrier  that  would  attenuate  the  scores 
to  the  mid-range  oft  h"'  scale.  The  level  of  this  barrier  was  normally 
110-114  cb  in  an  "intercom"  situation  and  68  db  in  a "free-roon"  cir- 
stance. 


An  experimental  coriciticn  v/as  desirable  that  would  [&)  r.ccort'iodate 
a listening  panel  and  (b)  px'ovide  a ''mlniiiial"  change  in  the  speaker's 
acoustical  en viron-nent-- somewha t comparable  to  a change  induced  by 
"acoustlcai  treatment"  v^,  "no  acoustical  treatment"  in  a room,  ..ith 
these  conditions  present  the  effect  of  altered  c ircums tscxces  of  side- 
tone  upon  "fi‘ee-room"  intelligibility  might  be  tested. 

A "quiet''  corridor  R5'  x V x 8'  was  made  available  under  an 
arrangement  in  which  only  the  ex; '^rimental  suhlects  and  the  experimenter 
were  in  the  bvjllcing.  The  ceiling  of  the  corridor  was  sound  treated, 
the  walls  of  hard  plaster,  and  the  floor  of  polished  hard  wood,  i-'lfteen. 
tablet  arr.i  chairs  were  placed  at  right  angles  to  -one  wall  of  the  corri- 
dor, soaced  four  feet  from  center  to  center,  with  one  chair  26  feet 
from  the  "speaker  end"  of  the  hallway.  At  this  end  two  facing  doors 
led  to  rooms  that  were  adjacent  to  the  hall.  One  of  these  doors  'was  of 
hard  surfaced,  polished  wood;  the  other  was  covered  with  felt  and  opened 
into  a sound-treated  room  (5  surfaces,  acoust-'o  tile;  the  floor,  carueced). 


-4- 


Twelve  penels  of  1-  experimental  subiects  participated  in  a seriee 
of  testing  situations  in  which  12  inembers  of  each  par'.el  read  the  in- 
telliglbil ity  lists  of  lorms  A and  Each  speaker  read  two  times  from 

a position  midway  becv/oen  the  tvvo  dooxs.  four  feet  from  the  end  of  the 
hall.  The  f e It-covei-eu  door  to  the  soturid- treated  room  was  always  open. 
In  one  instance  each  speaker  read  "naturally*'  in  this  air  line.  In  the 
other  experimental  condition  the  subject  road  with  an  Ear  V.ard.en  (V-51Ii; 
fitted  in  one  ear,  ioi-  iialf  the  subjects  t.he  Ear  warden  v/as  Jn  the  ear 
facing  the  polished  door;  I'or  the  other  half,  in  the  ear  facing  the 
sound  room. 

The  order  of  conditions  (Ear  V.ardens  v^,  no  Ear  V.ardcno)  was 
counterbalanced  among  paxiels  and  the  ord^r  of  "Ear  V'arden  in  the  right 
ear"  "Ear  Warden  in  nhe  left  ear"  was  counterbalanced  among  the 

"Ear-V.'arden"  confMtions.  i'oins  A and  B of  the  Intelligibility  tests 
v;ere  counterbalanced  among,  the  several  conditions  of  readirxg. 

Ar.i  assumption  in  this  investigation  was  that  the  speaker  would 
adjust  his  speaking  level,  in  part,  tgx  the  so’und  pressure  level  of  the 
sound  vmves  that  v/ere  reflected  from  the  polished  door  arid  impinged  on 
his  ear.  Thus,  except  as  factors  such  os  differences  in  the  level  of 
bone-conducted  side- tone  might  have  to  be  tah'cn  into  account,  an  Ear 
V.arden  In  the  ear  away  from  the  door  would  not  affect  speaker  intelli- 
gibill-cy  (through  an  alteration  of  vocal  sound  pressure  level)  v/hile 
an  Ear  ’Varden  in  the  ear  facing  that  door  would  effect  intelligibility. 


Results.  All  mean  speaker  intelligibility  scores  for  the  differ^ent 
conditions  were  high,  ranging  upvmrd  from  87p.  Such  scores  were  to  be 
expected  in  viev/  of  the  absence  of  a noise  barrier.  T’he  mean  scores 
for  144  speaV'ers  in  the  "no  Ear  '.arder;"  v^.  "Ear  ••aroen"  conditions  were 
87,4  and  P-8.fy-  respectivf=>ly  l;t  = 2. SC,  sigriiflcaut  at  the  Iw-  level  of 
confidence).  The  m.eari  scores  for  the  72  subjects  in  the  "no  Ear  V.arden" 
vs . "Ear  vVarden  facing  the  open  door"  conditions  'vsre  and  88.6/- 

respectively  (^  = 1.14,  not  siruaif  Ic^it ) . I'he  mean  scores  for  the  72 
subjects  in  the  "no  Ear  V.arden"  vs.  "Ear  ‘..arcen  faciiig:  the  'reflecting'^ 
doer"  Y/ere  87.4  and  88, 9h  respectively  (_t  = 2.57,  slgiiificant  at  the  1/j 
level  of  confidence). 


These  results  would  suggest  that  (a)  the  monitoring  signal  for 
the  speaker  came  largely  froui  the  lefleccing  surface,  approximately 
three  feet  from  ’ni,a  right  ear,  and  that  (b)  when  this  surface-ear  ex- 
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:ah  V.ardehs,  I\  144,  "/ar  attonuatoc!  iron 

10,-  level  of  confidence). 


intelllrluilit^ 


n 1 f i c nn  t a t t he 
change  occui'red  .ijn  the 
inserted  in  ei-cher  ear  of  t'ne 
auditory  raaskinr-  of  the  nuilOh 
eiToct  of  ti:e  I’of  lec  tin';  door  as  a nriii 
s ii^aal , 


ii:  -.vi  th  only  e.7cperi'.;ierita  1 
tb.c  sneaker  scorrs,  withou 
,40‘  to  06.11  (t,  1.60;  s 
. ore over,  no  siynlfican 


e ne  BY.  e r 

J*!  O 1 C 


core 3 v;r_er. 

This  r;;l,'ht 

3u  n c j t*. 
ical  so'  rce  for 


far  .arcien 


• o negate 
the  i:'onito 


i 

i- 

u 

as 

he 
re  c. 


;..odif ica tioii  II.  ''he 
a third  time  with  nor-lahlt-  acoustic  rcflr^ccors  in  brociicod  In  tlie  trans- 
mission line  of  the  alrbonie  side- tone,  A plywood  box  48"  x 30"  x 10" 
v/as  "cut"  to  form  two  circular  faces  (48"  radius  or  ari  arc  9"  deep). 


one  section  concave  and  t; 


other  convex. 


the  "back"  faces  of  the- 


se c t i on  s 


were  flat.  A flat  side  of  one  of  the  sections  f'onctionally  replaced 
the  reflecting  door  of  the  studies  above  and  was  ai-’oitra rily  placed  10 
Inches  "from  the  speaker’s  ear,"  Mterriately  the  convex  and  concave 
surfaces  I'cplaced  the  oper;  door  (?,o''ud  room)  of  the  studies  above,  Cii 
the  inten-aural  axis  these  surfaces  were  also  12 


"other  ear  " 


speaker’ s 

reflector  would  tend 
him  to  attenuate  his  voice  level  am 

Ihe  convex  surface 


I'be  assumption  <\ri:\ev  test  was  that 
o focus  s o ' ni d wa  v e s at  t l:e  s ne  a ke  r ’ s 


corisecuem: 
on  the  other 


I"**:  1' 


p.e 

bhe  corxn  ve 
ear,  crpse 

• a.  — • 


to  "mal 


L>P 
e ear 


would  tend  to 
(or  alternatively 


gib''.llty  score, 

clscerse  sour.-'  waves  and  cause  the  speaker 
transfer  the  source  of  the  s;on.itored  sifT:-! 
surface).  In  either  instance  the  vocal  signal  would  be  increased 


1C  :n  r 


nn 


level  .‘■-Ui  d con  sequel 


in  intelligibility. 


Results.  -’he  .'-.ean  into]  li,_  Ir  ility  r 
read  with  a convex  or  r oun  d- di. s pers  in g un 
and  of  a!:-.e  72  spc-al-iftrs  who  read  v.ith  ' 


core  o i i:  ne  > a : ; e are  r.s  wnc 
it  at  -'.heir  left  ear  •..-as  9C 


c 

9 


A 4- 


89,4  (_t,  5.0c,  5i‘-nlficanc  below  the  1,.  level  oi'  cnni'lcence  ; 


r re  sumac ly 
ear  and  provldt  Q the  source 


the  concave  sui'face  reflected  sound  to 
for  she  side-tone  s’nat  was  moriitored  with  the  result  that  vocal  level 
'■'as  attenuated,  fowever,  wiien  the  convex  surface  faced  the-  left  ear 


ciscributinr  che  sound, 
come  the  source  for  the 


the  flat  surface  at  Leu- 
lonltored  e.xteinal  sice-tone. 


I-  n _ 
i ■ .L  j . . O Ci  i 


o Tro 


the  relatively  less  eificient  accu.sric  cn 
ear  led.  to  a.n  increased,  intolli 


. .iO  1 

In  an. g event, 

t. 


V>A- 


:ibi].ity  score, 


sr.nel  .''I'cm  the  mou  th  to  tne 
r'u 


-sunably  due  to  a 


*-v, 


: .outh. 


g r e 3 t e r out pu  t level  f r’c 

C.  Level  of  sice-tone  (ic), 
aircraft  that  is  used  i.m  the  firs.t 
the  same  level  of  si.'" vial  to  tb‘'  ns 


.L'ho  "inter 


on 


U£ 


! sya te.:}  of  the  naval 
age  of  fiigb'.t  instruct ioi;  fc-cds 
neacsc^s  of  the  'sali'cr  md  to  the 
rty  line,"  Conmercial  telep’ru.)ne  svsteins  are  cun- 


listeners 

str\actcd  so  that  they  attenuate  the  level  o.)’  t.hc  speaker's  side-tone. 
The  oosslblllty  arises  that  a siniiar  reduction  in  :;he  side-ton^'  of 
the  military  headset  Lc  aircraft  might  iraprove  'ntelli  gibilL'^.v  tlnough 
alterin'"  the  level  of  speech  and  thus  i.'^'.prove  the  .spe-'.cb-to-noise  lavtio 


'it 


1 1 s 1 0 r o I'  ’ a ' '-S  •'  c ' 


Evich  ci'  Ic  o^yeri.'jon  to  1 s ; ■’"'.i f-r.  tn  I'earl  Pom*  lis^o  oi'  i ci'inn  A r,n :;  i3 
o.r  t}\e  !;\ultiple-cholcc  intr-llj  tent  tc  poiiel.';  of  12  llatfinerr. , 

i’oth  1 Ir, tanero  aivl  opeakerr.  vvooe  surrour;decl  by  110  cb  ox'  3;!::'.ulated  air- 
craft noloe,  propeller  type.  Each  apoaker  ex  pc  7d.c-iiCf;(]  foor  levels  of 
siee-  tone  ns  he  read:  "r.or.r.nl"  ( anproxirna tely  100  db.  ac  described  in 

A,  above),  - 14,  - 27,  and  - 5S  db . ihe  order  in  wnich  the  four  levels 
were  presented  was  coimterbalanced  ecioni-,  the  Ic  speakers.  In  addition 
to  intelligibility  score",  a relative  .Measure  of  vocal  level  was  ob- 
tained from  grap'hic  record-'i r.rn  of  t.Vio  spoken  materials  (Soured  Apparatus 
Co.  power  level  recorder). 

Results.  Both  the  mean  sound  pressure  level  of  the  speakers  and 
intelligibility  Increased  systematically  with  decreased  level  of  a 
side-tone. V -An  increase  of  10  db  bn  vocal  level  was  occasioned  by  the 
38  db  attenuation  in  side- tone,  an  overall  ratio  of  1:3  db.  In  suc- 
cessive steps  the  ratios  (vocal  level  increase:  side-tone  attenuation) 

that  resulted  fromi  t’ne  attenuation  settings  were  1:2,  1:3,  and  1:4  db , 
Th.us  the  first  cccreinent  from  ’'normal”  side-tone  produced  the  greatest 
increment  in  voice  level.  The  increment  in  vocal  level  that  acco.mpanled 
the  reduction  in  side- tone  bore  an  overall  rclaiion  to  intelll.';  i'cility 


-tone  this 


of  2 db  - 3b,  In  successive  steps  '"j’om  ’'norM.al” 

I".-;  2 db:  3.  ; and  1 db : 4,.,  Thuis,  althou.'h  the  fina.1  step  ir.  the 


iS  1 


reduce  a ;.!arkec  increase  on 


attenuation  of  side- '.one  (11  db ' did  not 
vocal  level  (2-3  db ) , ''his  increment  in  vocal  level  accouixted  for  the 
most  i.-iarked  single  rise  .In  :intelliribilit’."  (.f,-- ).-"■ 


D. 


‘1; 


is  c'0'ir;onj.y  i 
courses , f'ne 
fleet:! on s Cj  d 


y.erularit;''  in  the  .si 

iud<“d  in  a final  chase 


he  i}- s ~ rue j on  'talk  naturally” 
•military  vo!  co-coMMun  icn  tion 
special  ri-levance  to  oatteriis  ox  vocal  in- 


rectior  '"a: 

i‘ou  oiJ: -'s  of  words  a'.'d  is  in  tenoned  to  apoly  to  aspects  of 


taikinr  that  are  not  s oe  e 3 f icallv  treat^-d  in  Drscec.im  sections 


■f*  t-v 


e 


: ra  in  in r px^o  ■ ram  U;  vo i c a 


uricaticn.  One  assumntion  is  that  "ir- 


regularity” within  an  uttered  seque-ioce  of  closely  related  words  deteis 
intelligibility.  Possibly  this  v.;  e;.'  derives  fro.':  the  c omr.ion  notion 
that  irregularity  is  ceti-imental  to  the  "prettiness''  aspect  of  speech 
and  poss3.bly  from  the  "value"  that  is  placed  on  I'luency.  The  :u:ltiple- 
choice  intelligibility  tests  s r<  coMprlsed  of  three-word  groups,  each- 
read  '..'ith  a carrier  phra.se  ( ”r  ivaber  l”  etc.)  as  though  tf:e  entire  unit 
were  a five-o«'ord  sentence.  Thus  the  test  itself  cr-ovidcs  stimulus 
material  through  vmich  the  effect  of  Irregular  tf-mporal  spacings  of 
words  might  be  tested  vnith  respect  to  ir*  telligi  bility , 

forms  A and  B of  ihe  intc  IIJ  gibili  ty  tests  were  recorded  on  .mag- 
netic tape  in  qir'et  ’-'y  one  trained  speaker.  The  speaker  varied  the 
ordinary  manner  oi'  reading  a list  by  saying  the  three  test  words  of  a 
rroup  as  discrete  items,  i.e.,  with  a stoooag;e  of  breath,  after  each 
item.  These  recordinrs  of  i'ents  A and  m -.vers  copied  two  times.  One 


Subsenuer.t  to  this  study  end  with  the  cooperation 
T'letcher,  a photostatic  cony  of  an  early  r'^’port  on  the 
tons  and  voice  Isvel  was  mride  available  to  the  authors 
oort  of  1018  contains  nuantitativc  rnsnlts  th.nt  relate 
the  ones  of  t'ne  present;  study. 


of  Dr,  riax’vey 
topic  of  sids- 
( f ) , The  re- 
ci  rent  17/^  to 


3et  of  "copies”  was  ecii.ecl  to  introd'^co  a silern,  .u,-'''.er-val  0-4  ccc.  be- 
tween items  one- two  and  betvi'non  items  two-tliree  of  encV"  tbree-v/ord  rronOo 
The  intervals  v.-ere  the  ouarter- second  val;.;c3  vit'’,:*:  rnn~e  (0-1  sec.) 

and  were  introdi.iceil  in  random  order. 

The  four  recordlnp-.s , two  "refular  in  time  pattern"  (rncut)  and  two 
"irreqular  In  time  pattena"  (cut)  »vere  piaj'-ec  back  to  96  experimental 
subjects,  94  hearing  each  rrcordijfi  . (The  re  c t i on  s for  Listeners  in 
the  multiple-choice  tests  are  given  in  Appendix  n, ) The  listeners  sat 
in  114  db  of  simulated  aircraft  noise,  prooeller  type.  The  slffnal-to- 
noise  ratio,  peak  r.m.s.,  umder  the  ear-phone  was  12-15  nh , , 


Results.  The  results  ol’  th?  s comparison  were  negative.  The  re- 
spective near  intelligibility  scores  were:  lx‘-re;ular,  81, 9h;  regular, 

81. OR;  _n,  1.14,  nonsignificant.  Apart  I'rom  the  prirclpal  comparison, 
regularity  Irregularity  nr  the  spacing  of  t-he  items,  the  results 

agree  with  other  indications  that  no  penalty  to  intelli  r-ibility  score 
accrues  through  presenting  the  items  in  rapid  succession  rather  than 
spread  out  coer  a "comfortable"  period  of  iim.e , 


L.  fiecorcec.  vs.  live  sl''~rals. 
testin;^-,  a recox’dei'  is  placed  'hi  the 


■ requen tly  h;  nntellr’gibil'ity 
c omnur  ic  a t ion  sysbe;:'.  with  a view 


toward  reprodncii  r the  voice  sifrals  as  c xnerimei:  tal  sti.niii  later, 
this  a rra  r.  c-erner  t i.c  essei'tial  in  the  automatic  pro  ram  win of  stimuli 
Also  the  stored  stinuli  may  be  subjected  to  acoustic  analysis.  the 
effect  of  the  recorder-reoroduccr  lir.k  on  speed'',  reception  scores  was 
tested. 


h>ventv-tv;o  - ale  su'hiects  ■'n  rroi’.ps  of  12  read 


. orm.  A 


of  the  r;nlti --le-choice  test; 


The  readln.r^  occurred  over  a mock-uo  of 


an  aircraft  ir.terco  ■ un: lea t ion  system  in  the  presence  of  110  db  of  si'wu- 
lated  aircraft  roise,  proueller  type.  As  a oanel  read,  the  lists  were 


recorded  si..uilta;-  eousl: 


on. 


'Oti'i 


.'.■.o.ff.'''an  1.-4  taoe  recorder.  i'he  soeakers  were 


re.sto 
1,-/ 


hll. 


isc  recoreer  and  a ctancil 
hearc  directly  over  the 

"intercom"  system  by  their  fellov/s  v;ho  served  rou  tir.el^.’-  as  a listen  ir.g 

a.'d  'inisterlr.,"  the  tests  is  rel'e.rred  t o as  round 


oancl.  (This  mariner  of 


rcblri . ) d.he  output  o 
ccroed.  • he  rec ot''.  in. g ci.gir.ee r lonito 
set  circ'.  it  w.i  tb  a Vi,  .:.ctei'.  A panel 
heard  eaci;  other  r-m  ,-r,r.;v,  g for-  'i 
r»ate  test  (c'crm 


the  am. nl idler  of  the  "ii'.tercom" 


syscor 


was  re- 

■“F-d  the  vsi.gnal  level  cl'  the  head- 
11s ter'.e r- s pe nke T'-s , luivlr.; 

reac;  rorm  .r,  (,  or  oi  the  test,  then  hear,  the  alter- 
or  A)  as  it  ha-.-'  been  recorded.  ’;.y  the  preceding  oanr-1. 
i'he  original  level  at  the  listener’s'  he;  d.sc'ts  v.as  mairtair'ed.  Tils 
continued  through  six  pa.nels.  Subseauen  tly , other  cartels  of  listeneis 
heard,  the  re.malninf'  set  of  I'cccrcir. " s . 


nesnits.  The  three  sets  of  spealcor 
of  variance.  'The  k- ratio  for  corml  it  ion  s 
tv.'o  recorders)  was  }':ig!ily  s.  ipxii.f  lean  t , 1 
freedom  The-  rf.specl.ive  mean  intelli  .gi 


GCC'res-  'were  treated  ’on  analvsis 

/ r»  . . . T " o 

V C ' I ^ C/  C 0 Li  i*  t;?  t • cti  1 v-t  o V.  3 .c  X'Oi 

= 2^  .0,  (2  and  ’ll  cu-grocs  of 
bility  scores  ’ or  t''C  three 


■n  ,.he 
an  avers 

....... .V 

J . .L  J.'  b b;  j 


oasic  ‘le:.  n ' ; rr 
"c  score  t'wa  i:  was 
, . h r-i'-  n<.  s t to 


11  ana ly.'~f  .s 
d'erivo!.  iron 
oi'-'C  pc aker. 


u :i. ; 


n OO.L  .u 


t;'nc  'h'  this  r-r  poi't  vas 
thr  iu'GPous.r-  or  tlie 


con  fir’  t’o/is 


•nw:  u'prc':, 

‘'4.4,-.  4-oth  '’rooorcei-  rccroB”  v/ero 


sc  ores , 


t '■■ere.  not 


fi'LPC  rr.ro.T-cc;.'',  r- 

' ' : cm.  tly  lowei  thon  the 

ro-;'!  or,  o’-  ot.her. 


t.e  p6  r c '■  o I’c t?  y- , 


'1  -• 


: -'O 


n 


The  scores  yle?Lced  by  tl-.c  three  syste.r^s  v.-ere  then  tested  to  T-lrd 
v-hetlier  t’'e  soea’cers'  scores  were  onl.7/'  atte/ uated  by  the  recording  process 
or  altered  in  i-elative  ':erit  as  well.  Procu.c t-cionient  correlations  of  the 
'72  speaker  scores  wer-e:  live  _vs,  disc  racording,  r,  .83;  live  tape 

rocorcin:  .,  r,  ,81;  disc  tape  rc coi-''lii‘;ci j £;  .'SB.  Gorrela  tion  values 

Ox  this  -narnitudf:  are  connor  in  split-hal.h  and  test-rctest  correlations 
and  under  the  conditions  oT  hne  cAper ir.ont  indicate  that  the  recordinf;- 
reproduciny  process  "'ay  be  hitroducrd  into  intelligibility  testing  with 
can  tion . 


ihe  rejcrosa.ntative  voice. 


dc..'..'.:oi.  oractice  in  Intelligibility 

the  generalized  car.  J.hls  eai-  is  pi-ovided  o;/  -’ultiple 
requc.ntl^/-,  ho’..-  ver,  the  sare  erphasls  is 
voice.  Ind.efTd,  ii:  the  ;)rrEont  renor-t 


h -i  , 


testing  emphasize 
listeners,  a crev;  or  panel, 
not  placed  oii  .ne  ei.erallzed 

instSiices  are  reported  In  w’nich  one  voice  was  -atiiir.e 
volvr. c.  in  chis  cractice  is  irnplxod  the  toots  of  ^ 
in  V'hicl’.  ir; stai.ee  tv.-c  "oices  recorded  rhe  .'-peal.'er  ].is 
the  iv.tr  lligibility  tost.  The  recorded  testa  v.-err  re  productc 
‘n  var;.'in;.  c ircvvr.ctar  ces  of  lis  tening.  As  the  o;-nditi.on3  ol 
became  r.nre  di'"f’icult,  the  responses  to  the,  tv.o  voices  were  .'^.fect"' 
vdl.fiei-or.tiy  over  th.e  conipai-ison  equipments:  an  interaction  between 

oui.ornents  end  voices. 


Ox 


oi.e 


4 (htlo\;) 

!.  O'c;:-'  Ox 
o 1. 1 r t r e r s 
s t er.  in  g 
c 


'-’■'•e  isual  co’-irod  for-  obtaining  the  generalized  voice  w ' tb  the 
-’ultiole-cholce  tests  is  h-renf'h  the  rse  of  the  r our:  d- rob  in  adrc.'r.  Is  tro  tier, 
of  one  fora  o.f  tb.e  test  with  each  panel  of  IS  11s  ter.er- speakers . .Alter— 
nativcl:'-,  either  ..iultl-s  ceakers  icy  read'  the  lists,  as  -ciany  as  12  speakers 
Dor  ■'.'or-',  or  •'ultl- voices  may  i’crd  the  item.s  v.'ltbir.  each  list.  In  one 
recorci-'g  that  v/ss  prepared  in  the  latter  .-oan.r!er,  nine  speakers  v;ere 
eauall'.^  soacoc  about  a nondirectional  microphone  and  spoke  with  sim.llai- 
sound  oress'ure  levels.  Each  speaker  read  one  line  . rom  each  speaker 
list.  The  speakers  rotated  their  order  syste.mat  ically  frora  list  to  list 
irv  a marr.er  that  permitted  each  speaker  to  read  from  first  to  r.int’r. 

'.'Gs i 'o Ic.-'.  iv.  nir.c  fne  12  s'.'cces.si  ve  llstsi.  -bis  procedure  built 
speaker  v-arrlabiiltv  Into  the  r-ec,  orded  lists  and  acco.-.iplishec  the  gor.eral- 


ized  voice  '..Ith.’,: 


test  .materials  emr  1 o-'''ec  , 


k^'  suits : 
above  wor-e  /•o1 


iho  11: 


tb.!..  1.',  '..ere  recor-d' d Iv.  the 
5r.  .In'L(.;lligibilir,7/-  .as  "scored’ 


12  panels  of 


listeners.  The  I'lne  SiJeaker-s,  ■dirfei-inr-  si^jiificantly , were  assirr.od 
scores  i-anglng  froi:.  to  61,  (mean  .’J.0,li;2),  .■.'he.-  same  listeners  ->vho 

rcopondC'T  . o tTne  "generalized  voice"  also  heai-d  a l ing.le  trained  voice 
read  a comparable  ,rorr.i  of  the  test.  The  Cijeo 'c.U'c  .:.con  scores  wore; 
generalized,  58, 1,-.:  sinple  voi'ce,  77.3.,,  the  urocecure  of  'puildln--^ 

the  generalized,  tes't  into  tb.e  s ro  c:  esnlve  lists  aonears  to  be  a revvardir.g 
appi-oacb  v.-here  appllcoVjle, 


AFFLICA'^in: 


.'HE  TI^TELLTGfFTLlFY  IVIJEX  OV  E.;  I 


0[i  LTU 


ihe  c5  stir.cbion  between  the  inateriels  that  are  eu-nmarized  under 
this  lieadirw::  ax.d  the  ones  that  oreccde  and  follow  is  lar[*ely  Iti  the 
e;npb.as:l.s  of  the  different  sti'd.1es.  The  foens  here  is  on  eoulpinent, 
not  the  operator,  and  in  the  intelli p:ibllity  of  the  oiitnut  of  the 
eouipment  under  siinulated  conditrons  of  operation.  Five  illustrative 
studies  are  sUM'nariiied, 


A.  Stares  from  the  tower  to  the  aircraft  radio.  One  voice  re- 


corded intelligibility 


Form  B '’tapped  off*'  from  various 


links  in  a tower- to- plane  radio  system:  (a)  al'ter  t he  microphone  pre- 


amplifier, \.b/  Sifter  the  limiter,  (c)  after  t lie  underground  trans- 
mission line  1‘rom  the  ti.iwer  to  the  transmitter,  (d)  after  the  modulator 
section  of  the  transmitter,  and  (e)  from  the  aircraft  receivei*.  The 
recordii.g  v;as  :i;ade  under  the  '’natural"  ambient  noise  conditions 
associated  v.itb  the  station  at  which  the  recordin'-;  occurred.  The  re- 
corded tests  became  parts  of  a dei'iom:  tratiori  r'^cordlrir  with  dr-sci-ipti ve 


e.xpository  materials  interspersed  end  -.vi’ 
cornnarisons  ol’  altei'i.a  Jive  ecuipme’-:us  a c 


ewtra  li?  ..s 
’.e  r tat  ions. 


itilised  for 
the  recoi‘cinc- 


served  as  a convenient  li.i'ootrina^icr;  e^eicJac.  in  enpla:  atlor. s of  e- 
quip'.nent , as  the  specoli  signals  cci;ld  be  ''adr’.inis  tere  d"  in  the  manrier 
of  a ro\itine  Inteliiglbillty  test,  _"ne  I'osults  of  these  acr'.i!"  i strati  on  s 
in  qu jet  were  I’etalned  for  analysils.  Tubs eouently , he  test  lists  were 
edited  from  the  recording  and.  admlnisteroc  to  ff  listeners  in  che 
presence  of  114  db  of  sixnnlated  aircraft  r.olse,  props  Her  type,  ar>d 
apra.in  to  37  listeners  with  white  noise  intrcdiiced  into  the  headset 
lii'ie  (-4  db  siPi'iSj  - to-J.oiso  ratio,  pealc  r.n.s.  valu.cs). 


ihe  alternative  eq'il  piaents  fiiat  w'ere  emplovpd  rrclc.dod:  (a)  a 

condenser  and  a carbon  <.  icroohone,  (b)  two  pairs  of  trar.sm  it  ter- re- 
ceiver ccm’'-'inatlons , an  transmitter  (382  l-rc . ) operating  with 

both  40  and  20J;  modulation  and  an  associa-ced  receiver,  and  a i’LQ 
trans.'-'i  tter  (125.5  me.)  and  an  associated  AF.C  1 >--c^sIver. 


Results,  The  recordings  of  the  s';lmu.li  of  tViis  s'cudy  were  neces- 
saril-y  mace  in  different  field  loca-cions;  and  were  made  \;ith  single 
samples  of  -ach  piece  of  equipaient,  rnd  ’Fee  precedln  ' intermediate 
equipmei  t s . The  principal  controls  v.'e  re  (a)  the  same  voice  throurh- 
out  and  (b)  a voltmeter  with  v.'hich  to  monitor  the  input  of  the  . corder-. 
The  recorded  stiraull  v/ere  copied  on  a powei-  level  i-ecordcr  (A.u  io  Le vices, 
Logger).  This  shovvea  that  the  recordings  ''iri  the  tov/er"  were  jf  the 
same  level  fl  db ; the  recordings  "outside  the  tov/er"  varied  1 6 db  and 
v/ere  less  intense  (median  difference,  6 db ) tharx  the  ones  "iXi  the  tov;er." 
Ksnee,  except  for  a preliminary  analysis,  'he  two  sets  of  data  were 
treated  separately. 

An  analysis  of  variance  was  per.or-ncd  witii  the  meai-i  reception  score 
of  a listening,  group  to  one  condition  Imi  quiet  cor>  stitu  Mxig.  a basic 
measure.  Thus,  colu'm'iS  represented  condlt  ion  s ( equ  Ini.-ien  ts  ) and  rows, 
panels.  The  analysis  7/ielded  hlfhl7/  si.i;‘nif icant  dlf feren c.es  ajnorgf' 
conditlo’-^.s , F = 10,21  (11  and  9 d.i.),  The  comparable  reception  scores 
for  the  pauKls  "in  noise"  wer'-i  v’.ore  variaMr-  fron  conf'bion  i'.o  condition 
than  the  scores  "in  quiei 
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In  the  tov;er.  i’ivr  tcct  lists  were  reccrdeu  hi  the  tower:  (a*  b) 

at  the  outpiit  of  a condenser  ir; ic rophon e , san-ie  pre-a::!plifier  as  In  £ 

(two  tests);  (c)  at  the  output  of  ‘■'ae  •"’nr'bon  'tic  rophon  t ‘•.re-a'^nl  if  5 er : 
and  (d,  e)  at  the  output  of  the  liiultlnr  c-:Dlirj.er  v/hen  fed  by  the 
conuenser  n. "'ei'ophoi^e  (two  toots). 


The  follov/inf  values  are  relative  >’.eri:.  intelligibility  scores  that 
were  obtained  v;ith  the  lisleneT  S in  lioise . The  condenser  microphone  at 
the  tiicx'ophone  sta£"c  c-rovldes  a rei'erence  in tellipibillty  score.  The 
oorrespon dinr  sound  pressi’re  levels  as  Indicated  by  the  graphic  level 
recorder  are  also  or.uioera tod . 

Polative  Intel-  -'elative  SPL 

1 i i t)  1 1 1 1 y f c 0 r ■:  s V n 1 \ i e s ( Lo p ge r ) 


(a,b ) 

After 

. •'loro phone 

0.. 

0 

db 

sta  ye 

- condenser- 

(c) 

- carbon 

-14.- 

0 

db 

(d,e  ) 

After 

lii.iiter 

- condenser 

-25% 

-b  1 

db 

Ou.tslde  the  tower . Seven  t^'sts  were  rx:- erded  outside  the  tower: 

(a)  at  the  output  of  the  under  pround  trans . mission  line  to  the  trtins- 
’■iitter;  (b,  e)  at  the  output  of  the  r..oculator  sectio;  of  the  ; 
transiii  ;tei‘‘  set  oj  t 40;  '.odulatloi'. , and-- through  air  picl:up--at  the 
output  of  the  associated  aircraft  rec-iver  AhC-d  with  t’.o-  y?ane  on 
the  (round;  (c,  f)  saiwe,  i hF  transm.it  ter  v.it’',  15,  ; ,c  du.la  t icr. ; and  I >■  , ) 

at  the  outpu.t  of  the  '.odulator  section  of  the  trans;:n' ttei',  iff.  5 

me.,  ^'0;"  p.odulatiori , an  d- - ■•'rrouch  ai.u  pic'rup---  the  c tout  of  the 
associated  aircraft  receiver  A!  C~1  ritre  the  plarce  or.  the  ,f  round.  The 
test  liot  that  was  transiiiitted  Pron  t’";e  tov.-er  in  all  cP  these  ir.stsnces 
was  initiated  tb.rcu'”h  a cor.donsei’  :r.ic  rophere . 


The  following  relative  a rt  1 culat  .1  on  and  round  pressure  level  values 
are  to  be  interpreted  in  the  anner  of  the  values  ^ the  tower  (above,'. 
Thus,  with  the  listeners  in  noise  the  VTI-'  trars’nitter  yielded  the  hiyhcs' 
intelliyibili  t'c  scores  and  the  : 1 tran.sMit ter,  40,.  'c odu la t i ojt  , 
highest  sound  pressi  re  .tovel. 


i-i-v 


ne  rc  e ; t 


telat.ivo 


'lative  Scoi’v  S' 

cFL  Va 

i 1 ’ f.  s 

(a 

i r'd.eryround 

'Tr/'.u'. 

r*  •'1 

s ior.  J.r 

• r\ 

- 4 . 

db 

( b 

» 

rrar  s;'ii  'tter‘ 

.hi-' , 

40, 

• odulai 

: i oir 

.1.,  - 

c 

<L. 

Pb 

(c 

N 

/ 

Lraj.sMlttei- 

. i.i.  j 

c- 

' '•*'  4 

. (odi.la': 

- T.- 

- 6 

db 

(d 

) 

iransr:  itter 

■ Vid-, 

PC 

• .:;odulc-d 

' i or. 

0,) 
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cib 

( e 

hoc«-.iver  AI. 

,u  5; 

i'rr.i: 

s;:.:'t  i:er 

40y  (b) 

— 5o,J 

- 7 

db 

( f 

• A 1 

• etc  J V 'll-  .-.i. 

? l\  m 

> 

■ , ■ -vvr>  V 

c;ri 

fb.  ■ (£) 

r>  ^ . 
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db 

( ;• 

\ 

T.r.c ' vci:  / ; 

C 1 ; 

h‘!  ■■ 

f li  tter 

■ " 

' 4.- 

- Iv.- 

c'b 

r-'lfrercnces  betv-'oer,  pairs  of  relative  intelligibility  values  of  b,'. 
may  be  accepted  as  hi[:hl:/  ci;^jiiricarit  statistically.  thus,  within,  the 
limits  of  a alnrle  s^rsteni,  one  voice,  and  tne  lister  ei's  i-espon.  lip_.  In 
114  db  of  noise  some  comparl-sons  are  possible  when  quali.ried  ’ey  the 
i'’elatlve  siynal  levels  of  the  tests-,  the  conders.Mer  microDhone  yielded 
better  scores  in  the  tower  than  did  the  carbon  microphone;  hov/ever,  the 
present  "limiting  stage"  is  not  well  si.nited;  to  the  cor  denser  microphene , 
Also,  ^increasing  the  percent  modulation  of  the  iv'.IIi'  transr.-jitter  from  40 
to  9b;.  apparentl7f  did  no  I I'enefit  the  listener,  although  the  cllff«rences 
in  signal  level  nrevent  a def.inite  comparison.  The  Vf'F  transnl  tter  and 
its  associated  APC  1 receiver'  yielded,  hl'^her  .reception  scores  than  the 
eenin;. rents  . 


n no  e c r r-e  c e "i.  on 


•’t-gtvpe  h.eaciset  (imivensal  insert^. 


Conventional  ■'.'.ilitary  head'^rei-.  g arc  c.r  I tic  iso  o as  bulky,  heav;',  axad  jr-~ 
convenient^  tore  im-.-ortar tl-  , the  headset  is  a lin'-:  in  the  imperfect 
co.mmur. ication  svsterri  of  the  alrci'aft.  I'ovel  hefosets  freouentlv  "catch 


or. . 

I 


II 


.i'je  headset  tlrat  vas  ter-tecl  -and 


II 


c;  "ca'.n.  ht  on"  and  reportedly/  '.as  ^'cing  purcrias-  o )';■/  a nveiber  of  pilots 
as  personal  property/.  The  earpyiones  v/erc  con  ventionai  he-ar5.r:g  aid 
rcoc.  .Lvex'S , .’.c'ln  ted  on  a light-v;ci._  ht  plas  tic-covei'cd  oveel  bar’d.  The 
sig£-ai  v.'a:'  i'e-d  to  the  c.r-i  through  ai  ...ctal  tube  2 inc.hes  in  length  end 
l/V-  irreh:  inside  dia-’.etei'  t.hat  termir  ated  in  a small  plastic  ".marble" 
v.itl,  a hollow  mis  o.f  l/o  ;lnch.  This  poi-oeiain- li he  teri.iinal  fitted 
snr.'"lv  anainst  the  end  o.d  the  ear  car.al. 


the  siU'ject  o.t 


-b-r 


sec 


+- 


on 


One  voice  recorded  four  lists  of  Form  A of  tire  i.cultl  ole-choice 


in  te  11  i“  ibllitv  tests.  the  recerdinr;  v/a: 


■ oe 


euiet  -.vith  a high- 


quality/  i Icro  phone  . .'twen  ty- .four  '-roupG,  e''ch  of  fo’vrr  .'.e.rbers  , served 
as  listener's.  One  listener  wore  the  t?-.st  head.set  aur  c anoth.er  the 
conventional  headset  (ilR-oO).  The  third  ar:d  fourth  '-ern'C’ers  also  woi-e 
this  oair  of  headsets  over'  V-51F  Ear  arcens.  .the  listeners  sat  in 
110  on  s iicula  t^d  aircraft  noise,  oropeller  ty/pe , rh.e  same  . uur  ils- 
■■'ening  stations  were  -used  thre-U;'’-' out  ourc  ver-e  rotated  anon'  the  I'our 
e ■pe.r'lren tal  conditions  .dro.’r.  group  to  group. 


results,  'The  recoptior;  scores  of  the  9S  listeners  v.-ero  treated 
t.hroinnn  an  ai’.a^ly's :1  s of  variar:cc;  headsets,  1 d.f.;  ear  wardens,  1 d.f 
in  te  rac  ti  or: , 1 'd.f.;  and  "v-i  t'-' :h-i  cells,"  99  d.f,  ..'he  res-'iective  vari- 
ar  c es  wei'e  41o,  1299,  4,  and  144.  The  ^ x'atio 
in  ■'■ho  coicoarison  cf  "liar  harden"  vs.  "no  Far 


■-.1 


■ s rf\ei) , 


a.-.c. 


1 n if leant 
was  signi- 


ficant below  the  0;-'.  level  of  confidei-rce  in.  the  cO‘i:pa,rison  of  the  two 


headsets.  'The  --Deain  values  oi'  the  listermlrn 
dltions  Were: 


scores  uj' der  the  four  coir- 


'..i'thout  :-.ar 


85p 


■r’cien  s 


. i 1 1 1 Ear  I . a i' den s 


/ o 


The  coiriparlsoii  ir,sert  heads-  t dJsolayc'C  r..o  advantage  :In  •intelligibility, 
and  under  the  c irou.mstances  of  tiie  en. pei'-i-’ie.’-  t,  ear  war’d.er.s  v;ere  dele- 


mious  ro  soeech  r‘oc' 


. on  . 


.0  r'-^i;  1 1 d 1 f f“fi  r a r 


T'oni 
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come  previous  recltr,  sltlioU;  ’')  tue  hcaio Tit r;  i.  ri  iisl  j^jceotiojU 
have  oren  round  i:o  er"'rue  from  the  • se  oj'  eiT  defender's  Ic  a functior' 
of  r'.o.isn  le-;el  and  si.'^r; nl-do-'-.oise  ratio 

C,  Socech  recept'on  via  bi-  Insert-  type  he  r d s e t ( fitted  inserts  ) « 
Another  Insert- type  headset,  one  t.  Vi9t  represertua  a considerable  de- 
-arture  from  oor,  venr  ...cnal  desi/Tis,  was  tested.  It  contained  no  heed- 
band,  oily  tv;o  hea riny-aid  type  receivers.  These  were  fitted,  into  two 
he/H.rin;"-aid  tyre  ear  r.olds,  individually  .i’itted  to  t.h.e  v.'earer,  and  held 
in  position  by  the  structure  of  tiie  pinna  and  the  e.xtf.  mal  auditory 
ir.eatus.  Ear  .'nrdens  ’.vould  not  be  feas.ihle  with  this  headset,  the  re- 
ceiver attach;:'!e;  ts  ior''’'’ny  a close  seal  at  ''.he  ear  in  the  same  space 
that  woul'"  be  occupied  by  ear  defenders  of  the  V-51R  type,  LTierefore  , 
the  S’ ’u  jectiv-^'  test.s  of  the  lieadset,  ir'.sofar  as  they  involved  .speech 
reception,  were  li'.ilted  to  a direct  co.'ipsri  son  betweei.  the  rev/  headset 
and  the  headset.  j.he  test  h.efidse!'  violded  a 10  db  rreater  out- 

put than  the  hS-Of  when  :he  same  si-nal  !>d  '■■he  tv.o,  .the  level  of  the 
received  ai  r.a  1 ruhjcct  to  the  ^'ontrol  of  the  operator  ii'i  practice, 

the  tv.o  Iveadsets  were  ecniated  prloi-  to-  word- int^  J 1 h I'.hi " ity  tests.  The 
eouatiry  was  dorie  throu  h lovniness  balance  tests  by  six  experienced 
listeners  v.ith  normal  hearir.  p.  Ti.e  rc.i'ei’onoe  test  sirr.al  was  a lO'OO 
c,p,£,  tone  and  the  r.-’r:  ,1  ■ c : i\ e ci'.i  tcri.or.  I'^vr-l  'was  "..':axi.  ium  co:::I’crt" 

\vi  th  t lie  'nS-  do  he  a ds  e t . 


The  12  lists  of  •■orir;  h of  the  icultiple-choice  intelligibility 
tests  ’•.■.'ere  recorded  in  nuiet  by  '.hnec'  ..cale  voices.  The  three  rorders 
spoke  the  lists  in  rotation,  Twen ty- I’our  cxper.icien. tal  subjects  heard 
the  recorded  tests.  Half  o.T  the  lists  v/ere  heard  throu each  of  the 
headsets  under  comparison,  hite  noise  ./as  introduced  into  the  head- 
set circuit  in  an  amount  to  inake  the  peak  r.n.s.  sirnal- to-noise  ratio 
approximately  zero.  In  addition,  '".he  listenens  ?at  in  114  cb  o.f  simu- 
lated aircraft  noise,  prooeller  type. 

Results.  There  v;as  no  si.'"ni  f leant  advan.tape  of  one  headset  over 
the  other,  iho  .’c.ean  .soeech  reception  scores  - or  the  two  units  were: 


i.nsert  aeadse;;,  25.9. 


5.3  headset. 


A further  comoarisen  was  mace  to  fir^d  whether  or  not  the  indl- 
dually  fitted  eai’  Inserts  yielded  h.i^'her  intelli  ; lbi]  Ity  scores  than 
the  same  headsets  without  individually  fitted  ear  nol.-ds,  Each  listener 
responded  to  another  .'o.rm  of  the  .'.lultiple-cho.'i  ce  tests,  usinc  fitted 
ear  pieces  ;.'or  half  the  lists,  and  not-fitted  ones  for  tb,-.  other  half. 

In  this  coruparison  there  v/as  no  in-circuit  noise.  Che  J.  Itted  ear  m.olds 
yield'd  siypvifioantly  hiyher  scores  th.ar:  the  ones  chat  were  not  fitted. 
The  mea.ri  speech  receiitlon  scores  \.ere:  fitted,  75,.;  not  .fitted,  56/-, 

D.  The-  relative  Intellir ibllity  of  ■.■Ici'-opkou.es . One  treatment  in 
the  testinc  of  the  relative  efficiei".cy  of  :.r'u.- .nopiiones  is  to  test  thein 
with  speaker-lj.otcnei'  panels,  inlike  the  headset,  the  m.icrophone  is 
"I'ixC'CV’  in  ii;put-c..uitpvit  ratio  insofar  as  the  spe.alier-cpe  rator  is  con- 
cei'‘ned,  moreover,  e pai'ticular  ;ti '.  c.  ro  phone  :1s  to  b.o  coiisicered  cs  ma.'i:.chou 
to  -its  anplify.iriy  system.  Hence,  the  test  cai'.unt  e.ir.ploy  alterr^ativo 
ifiicrophone s si.; ply  interchari.yed  ha  the  s^mo  circuib,  A practice  that 
is  .f‘ollov.'ed  i>'  t’';e;'e  test::  is  to  establish  s'lcrouhoric  circuits  that 
dt  liver  the  same  voltaye  to  the  b-oacset  in  cfuTcb  v.’hcT:  a specich:  siuial 


is  impre  ssed  nr  the  ;n:!  cr-ophor-.e  arid  to  accomplish  this  v;.i  th  rnlni;r:ai  over- 
losdijrg;  or  di  st ort  1 nr;  ir.  any  part  of  the  system,  A convenient  i-o;  srt>iiC8 
sICiial  level  is  the  modal  r,m,s,  peal:  value  that  is  delivered  by  the  car- 
bon microphono  to  the  headset  iij.  the  ” iritercom”  r.yrreir;  c;.f  the  ali‘craft 
that  the  strident  pilot  flies  first,  v/hen  the  multiple-choice  intelligi- 
bility tests  are  I'ecorded  through,  a hijph  fidelity  microphone  ar  n heard 
in  quiet  over  H5-52  headsets,  the  tests-  yield  a score  of  96/c,  vVith  the 
cai’bon  i.mci'o phone  the  score  is  approximately  92/.,  I’he  reception  scores 
are  f'crther  abtenuated  by  rediclijo  the  level  of  playback,  by  the  Irili-o- 
duction  of  masklnp;  noise  in  the  cii’cuit,  or  by  surroundixu'  the  listener 
with  noise  . 


;ivvp1v*--  ex  oe  rimer  tal  subiects  j-'ead  the  tests  of  rorrr.s  A,  5,  ar.d  C ol' 
the  multiple-chcice  irte  11  ' r ibi lity  tests  in  con  j’anetior.  with  three  micro- 
phones: the  hai.d-held  carbon  microohonve  (rih-"8),  the  noise  cancelling 

cai’bon  microphone  (i.^-rh/G),  ard  a coi'i  lori  ca.1  conder;ser  microchone.  Elev- 
en listeners  i-esponded  to  the  tests  as  tiny  were  x’ead.  The  three  forms 
of  the  teat  were  equally  re  preset, to  d am.on.p  the  three  •'microphones,  (This 

'■Vi-nni  O ^ 1 d ' r-  r-  lower  SCOi’'''S  than  T'0IT!!S  A 

t he 


procedure  is  not  recom-mejide--'.  Form  C yieldi.nr  lower  scoi’''-: 


aj  o r.  in; 
’,vas  ::!ade.) 


fact  had;  nc-t  rern  a sc  er  ta  e d 


ej. 


r't 


1 i c r t i on 


■cores 

. v-.o  T T 


"lelded  the 


Results,  .‘.;i  ar;alysis  of  v-cr:la;  ce  cf  the 
.foliowirig  values:  variance,  micro ■ 'ho;. e s 144, i 

.^'.a’nder  23,08  (2,  11,  aiid  22  d.!'.  resoect i vely ) ; 

3.2C-  (highly  siriiific."  .t},  the  respective  ;ne_en  scores  associated  with 
the  three  miarophone^s  were:  har.d-held,  70,0;.;  noise  cancelling,  76,2,w; 

and  condenser,  75,S;"c  Both  of  t’ne  Tatter  two  values  were  statistically^ 


s e-aner 

S 'C.n  cx*s  0 , r e — 

',  for  microphones. 


s 1 giiif icant ly  higher  tl.an  t he  value 
different  from  each  other. 


he  bar.; d-he I d mi c ro ohone  b ut  not 


E,  Bone-conducted  maskinp:  (5),  An  evaluation  was  made  of  a flight 
iielmet  that  held  four  buzzers  at  the  b.ead,  one  in  each  n;)adrax.t  at  the 
approxi;;iate  position  of  a hatLai.c,  (This  equipment  was  devised  to  be  o- 
perated  v.'ith  a code  ai.d  to  replace  voice  comrr.unica r ion  between  the  stu- 
dent pilot  and  his  ijystructor  in  the  cockpit,)  Tlie  equipicent  was  de- 
scribed as  operati::g  tactually;  ho’.vever,  it  yielded  a considerable  bone- 
conducted  audltoipT  stLnulus,  One  question  arose  from  the  possibility 
that  a buzzer  sigi.al  I'ron  the  in.stru.ctor  and  a voice  ;r.sssa,pe  fi-om  a con- 
trol tower  might  occur  simultaneously  and  bone-conducted  ai.ditory  com- 
ponent might  serve  to  mask  the  aii'— conducted  stimulus.  As  a relevant 
tost,  a recording  'was  prepared  of  Fonris  A aii  d B of  the  nrultiple-choice  in- 
te  ilirlbi  lity  tests.  The  lists  were  read  by  one  '■To5.ee  over  a carbon 
m.icrophorxe  and  later  m.lxed  with  noise  to  the  extent  that  v;hen  played  back 
at  "test  level"  the  Intelligibility  of  the  recording  was  56h.  Twenty- 
four  oxpe ri.-'-’er tal  subjects  heard  the  recoi'dlixg  in  the  presence  of  the 
mp.'sking  si.pmal  that  resulted  t’ro.m  imie  of  the  buzzei's  of  the  helir.et  soundin 
continuouslyr , 


p 


Results,  The  mean  intelligibility  score  of  the  "Go,.— record"  was  re- 


52;'.-  when  the 


recoi'-cu.rr  ■ 

ri 


wa  s 


’'■icard  ;■  n the  nresenco  of  one  b'uzzer 
" .r.,  T 1 ,•>  ..iu  simu- 

e 


cucea  uo 

".hen  the  condition  wia  "contiriued"  with  lis  lej;e.us  in  110  db 

isued  aix-ci-.aft  no'se,  urooeljer  'the  mean.  Intelligibi'J.ity  score  o 


the  .re  c e,  r c ;.n  ^ "a  s 


••emg 


•il. 


Uin. 


, the 

an  d t hi  e a ; d e d - i a s k ix  i r 


on  w ze 
efi’eoF 


rea-oce>;  -i.ne  score  oi'  the 
of  the  roor.i  r.oise  c'n  the. 


re- 


eflVc  t of’  t’.e  front  ( :''o relief) d ) 
ompartsons  was  not  statistically  dilTerent 


gibllity  score  v.'as,  11  •. 
bn  z s,  e r In.  t h .I  -s  s e r i e r o .f 

fron  the  niTect  of  either  110  dh  of  noon  noise  oi-  -cae  in-c 
of  re'<.'ice  8-lf  a ’'pachare"  that  nrovidrs  the  ma,i’or  ohyslca 
nents  foi-  voice  coinrmjn Icat  ion  training  (10'. 


’crit  no5.sc 
rear  ire - 


A 'f  FLIC  Allot'  3:  RESP0.;SE  PEALTMESS 


The  experience  is  coini.ion  of  yra solrif  the  ineaninK  of  a heard  ctate- 
rrent  "more  slov;ly  than  normal"  so-me  momei-ts  after  the  signal  has  been  re- 
ceived. This  experience  is  supposedly  more  frequent  under  adverse  con- 
ditions of  listening  than  under  favorable  ones.  Intelligibility  tests 
are  not  "speed"  tests  and  a cori'ect  response  that  is  made  two  sec.  after 
a stimulus  is  heard  is  scored  the  same  as  a correct  response  that  is 
framed  simultaneously  with  the  reception  of  the  stimulus.  The  multipie- 
choice  intelligibility  tests  require  but  a brief  time  for  indicating  a 
response,  only  sufficient  for  drawii;g  a line  through  a word.  Thus,  if 
more  time  is  required  to  recomize  word  stimuli  under  some  conditions 
than  under  others,  the  effect  might  be  quantified  by  conti-olllng  the  in- 
tervals between  successive  stimuli.  In  turn,  if  the  effect  is  related 
to  some  portion  of  the  coramtinlcation  equipment,  the  obtained  measure.ments 
could  be  criterion  scores  relevant  to  the  efficiency  of  the  equipment. 


The  response  Readiness  test  is  under  continuing  construction  as  an 
instrument  to  measure  the  relative  capacity  of  a niece  of  equipment  to 
be  "imderstood"  rapidly.  As  a first  apprcx.imation , the  latter  six  of  1? 
recorded  multiple-choice  intelligibility  tests  were  sc  edited  that  pro- 
gressively shorter  time  intervals  occurred  between  successive  groups  of 
w'ords.  The  first  six  lists,  of  the  12,  had  six-sec.  intervals  through- 
out between  the  ini  1 1 at  Ion  of  one  test  phrase  and  the  h'lltlat  ion  of  the 
next.  The  last  six  lists  had  progressively  dimin ish.ing  intervals  from 
3,5  to  0,6  sec,  from  the  termination  of  one  ohrase  to  the  initiation  of 
of  the  next.  Three  voices  rotat^^d  in  recording  the  12  speaker  lists 
from  Form  C . 


A,  A comparison  of  two  microphone-s . The  recorded  Response  Read- 
iness test  fed  tv/o  comparison  microphor.es- -one  narrow  and  the  other 
broad  band--that  were  positio.ned  at  a fixed  and  equal  distance  from  an 
"artificial  voice"  (loud-speaker)  located  In  a sound  treated  nixing 
room.  The  room  noise  was  100  db  of  white  noise  (Ceireral  Radio  meter, 

C scale).  Both  the  recorded  signal  arrd  the  noise  fed  the  two  microphones 
yielding  two  independent  signals  going  through  two  matched  channels  and 
alternately  fed  the  earphone  cii'cuit  of  panels  of  listeners  '.vho  sat  in 
another  room  In  114  db  of  simulated  aircraft  noise,  propeller  type.  The 
signal  level  was  determined  by  a 1000  c.p.s,  tone  that  was  recorded  at 
peak  r.m.s.  speech  level.  This  was  104  db  at  the  headset  when  fed  by 
the  narrow-band  microphone  and  monitored  by  a vacuum  tube  voltmeter. 

Eleven  groups  of  listeners  of  6-10  Intelligibilltv  scores  averaging 
"nearest  50^  each"  for  the  same  one  of  the  two  mlcrophores  in  the  un- 
spesden  portion  of  the  Response  Readiness  test,  l.e.,  lists  1-6. 

Results,  The  criterion  microphot  e under  the  stipulated  condition 
above  was  the  narrow-band  with  a mean  Intelligibility  score,  50,0  ';  II,  40, 
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significnntly  superior  to  the  mear  scoz-e  (45.8';')  of  the 


i-iiis  score  v; 

broad-band  microphone  for  the  same  panels  (_t  - 2.91;  59  d.f,)» 
the  relationship  was  reversed  under  the  circuinstance  of  ’’speeded-up'* 
speech,  i.e. , lists  7-12.  The  tv/c  means  were,  broad-banu,  47.?;>);  narrow- 
band,  40.8;-'i  r 5.61;  39  d.f.).  The  follov/lng  explanation  is  suggested, 
(a)  Tho  broad-band  microphone  operated  undez’  a condloion  of  lelativaiy 
attenuated  ’’functional"  Gigi‘:al-to-noise  ratio,  for  it  transmitted  more  of 
the  total  noise  spectrum  than  did  the  narrov/-band  microphone.  Thus,  the 
104  db  signal  level  at  the  headset,  as  transm.itted  by  the  broad-band  micro- 
phone, included  more  high  frequency  energy  both  within  and  above  the  speech 
range  than  the  signal  of  the  narrow-band  microphone  v/hen  operating  at  this 
level.  (b)  As  the  listening  difficulties  that  were  introduced  by  the  Re- 
sponse Readiness  test  increased,  the  broad-band  microphone  operated  ad- 
vantageously (see  Figure  1).  (c)  The  principal  result  suggests  that  low 

distortion  may  "psy  off"  through  facilitating  more  immediate  recognition 
of  v/ords. 


B.  A comparison  of  tv/o  headsets.  The  Response  Readiness  test  was 
employed  in  comparing  two  headsets  in  the  monrer  described  above  relative 
to  microphones.  The  signal  was  fed  through  a single  broad-band  micro- 
phone La  the  present  com.parison.  Iloreover,  the  comoai-i son  involved  one 
headset  with  fitted  ear  molds  and  the  exigencies  of  the  situation  limited 
the  number  of  sub.iects  to  13. 

Like  the  ;aici-o phones  aV^ove,  the  two  headsets  could  be  categorized 
as  relatively  broad-ba_nd  (HS-33)  and  narrow-band.  The  bread-band  head- 
set yielded  scores  that  were  not  s igni  f icently  different  between  the 
noimal  and  the  speeded  portions  of  the  test , -y- 1 .6;)  for  tho  speeded  por- 
tion, The  naz'’''ow-band  headset,  however,  was  signif icntly  penalized  by 
the  speeded  portion  of  the  test,  -6.89/j. 

APFLICATTOf  4;  SIGI.AL-TC-I'OTSE  RATIO 

The  extreme  negative  value  of  s ignal- to-noise  ratio  that  has  been 
reported  in  v/hich  word  stimuli  have  been  cormr.unicat ed  is  -16  db.  The 
magnitude  of  this  ratio,  however,  is  dependent  on  the  test  materials  that 
are  used  (12).  The  pos-ibility  is  frequently  considered  that  both  this 
value  and  the  intelligibility  scores  that  attend  various  signal- to-noise 
ratios  are  functions  of  the  transmission  equipment  in  use,  provided  the 
language  or  stimulus  material  is  of  orie  level  of  difficulty.  The  equip- 
ment intelligibility  scores  for  various  signal- to-noise  ratios  might  be 
considered  as  critei-ion  scores  in  comparing,  equipments.  The  w'elght  to 
be  assifTu-c  such  differences,  if  present,  cannot  be  suggested  a priori . 
One  decision  that  affects  the  experimertal  plan  at  the  ou.tset  is  whether 
the  side-tone  aspects  of  the  testing  situation  are  to  be  included  ;ln  the 
comparison  or  not.  In  the  following  illustration  side-toi'.e  v/as  not  in- 
clu  de  d. 


A.  A comparison  of  two  iiiicro  phones  (results  .inconcli^s  ive ) , A high 
quality  recordi.tig*  was  uretjoreu'  In  qu ieb  of  tV'e  12  list,s  of  i'OiT;!  R of  the 
multiple-choice  ir;  telli  gibi  lity  tests.  One  voice  x'ead  the  first  six  lists 
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qnd  H srcond  vo^cf  the  rGmc Ir: ing  lists, 

A com  per  is  on  wos  mace  of  cwo  dissimilar  nicrophories , one  broad- 
band and  rhe  other  jierro*v-band  (HS-3S).  The  two  microohores  were  fed 
noise  and  the  recorded  intelliribility  tests  in  a souri d-treo  Le d mixing 
room.  The  microphones  were  supported  so  that  they  were  one-half  inch 
from  and  -e  rpen dicular  to  the  plane  of  the  rim  at  the  outer  flecture 
point  or  a 12- inch  loudspeaker  (signal  source).  Another  loudsped?  er, 
four  feet  distant,  fed  100  db  of  v/hite  noise  into  the  room  (General  Radio 
meter,  C scale);  the  SPL  reeding  at  the  microphone  positions.  The  out- 
put levels  of  the  narrow-band  microphone  were  set  such  that  a 1000  c.p.s, 
tone  of  peak  r.m.s,  voice  level  produced  a s Igrial- to-noise  ratio  of  six 
db  at  the  headset.  The  ratio  wos  obtained  v/hen  the  tone  and  noise  sig- 
nals were  measured  separately.  The  corresponding  si  gnal-to-nolse  i-atio 
on  the  wl de-band  microphone  in  this  circumstance  was  four  db . The  re- 
cc’ded  tests  were  presented  to  the  microphones  from  the  signal-source 
speaker  and  alternately  through  the  two  microphones  In  the  mixing  room 
to  groups  of  8-12  listeners  per  group  until  a total  of  50  listeners  had 
responded.  The  listeners  were  in  114  db  of  simulated  aircraft  noise, 
propeller  type.  The  six  successive  word  lists  of  one  speaker  were  attenu- 
ated Iri  two-db  steps.  The  orighial  level  was  then  re-set  the  pro- 

cess repeated  for  the  lists  of  the  second  speaker.  Subsequently,  the 
procedure  was  repeated  vd  th  different  lister, ers  and  wi+-h  simulated  air- 
craft noise,  propeller  type,  replacjjir  white  noise  in  the  mixing  room. 
Thus,  six  sig!Tal-to-noise  ratios  entered  into  the  tests,  6,  4,  2,  C,  -2, 
and  -4  db  (as  measured  with  the  narrov/-band  system),  trie  voices  of  two 
speakers,  and  the  comparisons  were  conducted  In  the  presence  of  two  types 
of  noise  in  the  mixing  room.  After  the  arbitrary  selection  of  the  signal- 
tc-noise  ratio  at  the  outset,  the  levels  were  determined  by  altering  the 
playback  of  the  word  signals,  not  the  noise. 

FJesults.  Although  no  statistical  difference  was  observed  between 
the  two  microphones,  little  credence  can  be  placed  In  the  outcome  of  the 
test.  The  results  are  reported  to  illustrate  a oecularity  of  the  multi- 
p'xo-choice  tests.  The  observed  means  in  the  present  instance  for  the 
six  signal-to-noisd  ratios  (microphones  and  noises  pooled)  were  25,  21.5, 
22,5,  14,3,  9.8,  and  5.3/^,  Each  response  on  the  test  is  a choice  of 
^our  possible  answers.  Thus  a chance  score,  both  theoretically  and  in 
observed  trials  when  listeners  have  been  instructed  to  mark  every  Item, 
is  25fi,  This  score  can  either  be  earned  or  guessed.  Any  lower  score  is 
suspect.  If  the  listener  is  "trying,”  a lower  score  may  indicate  that 
ha  cculd  not  follow  the  carrier  phrase  and  hence  mode  a few  responses. 

If  the  listener  Is  frustrated  beyond  the  point  of  "trying,"  the  score  is 
meaningless.  The  present  array  of  means  (see  Figure  2) — which  Incident- 
a].ly  approaches  linearity  (Lindquist,  Case  IV)  — cannot  be  interpreted  in 
teiTOS  of  relative  measures  of  equipment o These  results  are  assumed  to 
indicate  that  the  present  "artificial  voice"  v;as  unsatisfactory  in  re- 
prcduchig  an  effect  comparable  to  in-circuit  noise.  Tbs  s ignal-to-nolse 
ratios  that  wore  employed  have  operated  satisfactorily  wi'th  in-circult 
noise , 
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of  two  headsets.  i'he  adi'ninictr; 
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alto  red  only  to  I'.he  extent  that  c elnyle  microphone  (RB-GS)  and  a einyle 
PiC5se  (vvliite)  were  employed  in  the  mlxiny  room,  A yroup  oi  25  lister:er? 
apparently  well  motivated  par+'icipated.  Their  listei'ier  scores  made  pos- 
sible- a comparison  hetv'ecvi  two  headsets,  one  a broud-band  set  (HS-33)  and 
the  other  a narrov;-band  Insert-rype  set,  with  fitted  ear  molds. 


were 


Res’Jlts.  The  ii’een  relative  scores 
(see  Plgnre  3): 


s/i^ 

Broad-bcuid 

6 

oO  o 4 

-f-  4 

p o 

■^2 

27.5 

0 

21.7 

-2 

17.2 

-4 

6.5 

(;0  yielded  by'  the  two  headsets 

I. arrow-band 
3G.7 
32.2 
35.9 
2C  .7 
15.6 


possible  way  of  avoiding  the  diffl-- 
ores,  ciscxissed  iinme diately  above  (A), 
Specifically,  the  scores  attendiny  the  brosd-band  headset  were  at  least 
° high  as  "guessed"  scores  through  the  si-Tio  1-to-nol  se  ratio  2 db.  'The 


This  group  of  scores  suggests 
culty  of  "lower  than  guessed" 


a 


and  apparently  superior  value 
. Hence,  the  possibilit; 

statement  might  be 
t that  relies  on  a 


for  the  narrow-band  uriit  accern- 
is  ijnder  scrutiny'  that  in  comparison 
made,  "one  piece  Oi.  equipment 
sigrial-to-nolse  by  X db  (2  db 
a"  c'' i "the  criterion  value  being  the  level  at  v/hich 
gniessed  scores  are  exceeded,  liowever,  tests  of  significance  might  still 


comparable 
panied  0 d 
like  the  present  one,  a 
exceeds  another-  in  a te 


in  the  Present  in: 
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depend  on  intelligibility  score s , 
of  25  subiects  on  the  overall  test 
t = .93. 


and  in  the  px’esent 
were  not  si  mnificj 


if: stance  the  scores 
rtly'  difl'erentj 


a:  R Sli  7-JvRY 

This 

reoort  suives  both  (a),  to 

illustrate  applications 

of  the 

multiole-choice  tyoe  intelllgibil;lty  tests  in  connection  with  a_n  evaluation 
of  communication  equipment  and  the  operator  and  (b),  to  present  experimental 
findings  relevant  to  the  equipment  and  the  t alker,  i-'or  convenience,  the 
applications  are  grouped  under  (a)  voice  signal,  (b)  the  intelligibility 
output  of  equipment,  (c)  "response  readiness,"  ar.d  (d)  signal-to-noise  ratio. 
Only  grouping  c_  is  singularly  related  to  the  niultipie-choice  tests.  Other- 
wise any  advantage  of  the  multiple-choice  tests  over  conventional  write- 
down tests  lies  in  the  ease  and  objectivity  tnat  attend  scoriiig  the  printed 
arisv/er  forms  and  pai-ticularly  the  possibility  for  machiiae  scoring. 

The  multi  pie -choice  tests  ai-e  dii'fereritlat  Ing  among  different  voices 
and  voice  levels,  maskinp-  level,  ar;d  equ.l piwei'its  of  vary/irn'  efficiercy.  The 


tests  seem  to  be  a convenient  and  reliable  Instrumcr.t  with  vvblch  to  test 
the  operational  efficiency  of  eiulprr.ent. 

The  multiple-chf  .ce  intelligibility  tests  have  two  limitations.  The 
first  is  only  present  in  greater  degree  In  these  tests  than  in  conventic>nal 
wrltc“dc"m  tests,  (a)  Po  valid  interpretation  can  confidently  be  placed 
or.  a panel  score  0-25,  this  being  below  the  mean  guessed  score,  (b)  The 
I'igidity  of  the  answer  forms  precludes  the  possibility  of  usi'ig  the  same 
panels  of  listenei-s  endlessly.  However,  two  sets  of  tests,  each  of  which 
has  tv/o  equivalent  answer  forms,  reduces  the  seriousness  of  this  llmlta- 
ticn.  Moreover,  multlp].e  use  of  the  san’.e  printed  form  is  in  immediate 
prospect,  B;ach  set  include?  24  equated  tests. 


The  several  examples  that  are  included  in  tnir.  report  serve  as  ex- 
perimental results.  The  practice  of  "validating"  a test  and  at  t he  sane 
time  employing  the  results  on  v/h.’ch  the  test  has  been  validated  can  only 
be  employed  guardedly.  The  several  applications  are  preseijted  together 
with  the  expectation  that  the  largely  consistent  results  add  to  the  con- 
fideiiCo  with  which  the  Indiviciua]  studies  may  be  accepted  and  not  viewed 
only  as  "cross  validation"  of  a testing  procedure.  1.  Voice  Signal 
Application:  (a)  a visual  monitoring'  device,  set  to  guard  "normal"  level, 

did  not  affect  intelligibility  scores  c ign  i f i cant  ly ; (b)  irr-egtilarly 
spaced  voice  signals  are  not  less  intelligible  than  regularly  sDaced  ones; 
(c)  the  live  voice  is  more  intelligible  then  the  recorded  voice,  but  the 
order  of  relative  merit  is  not  altered  by  recording;  (d)  v;hen  trlkhig  in 
quiet,  the  speaker  apparently  monitors  his  level  by  airborne  side-tone; 
and  (e)  decrem.en'^’ s in  the  lei^el  of  side-tone  increase-  both  vocal  sound 
prersxu’e  level  and  intelligibility  scores,  2,  The  Intelligibility  of 
Equipment:  (a)  equipment  Ixx  t onve  r- to- plar>e  radio  corTL-rirnicuti^in  varies  in 

intelligibility  as  a function  >"'£  ttie  response  characteristics  of  the  e- 
quipment  o.c  the  band  v/idth  and  the  percent  modulation;  (b)  the  usefulness 
of  eai'  ivurdsns  hi  hr. i. no v in g intelligibility  siiould  be  restudled;  (cj  a 
single  buzzer  coupled  to  the  head  to  convey  a tactile  signal  is  severely 
masking,  3,  "Response  Readiness:"  or  scjeedinr  up  the  presentation  r.atc 
of  qu’ccessive  test  items,  the  ’.vlde-’Dan d equipment  appears  to  give  a sig- 
nal that  is  more  readily  understood  than  does  narrow-band  equipment. 

4,  Signal-to-noise  Ratio:  adverse  s ig;;ai-'Go-r.oi.se  j-ntios  ap’^ear  to 

penalize  the  intelligibility  scores  o.f  brord-tjand  eq-.)ipment. 


i.-atters  of  procedure  in  conductin'  tests  to  yield  quar-.tltati  ve  sub- 
jective measures  of  inte lligibi  lity  .ai>e  iiiteracting-.  ror  examole,  the 
utilization  of  a tape  oi-  disf  I'ccoiuding  link  in  th.e  testing  system  is 
something  I'elateu  to  whether  side-tone  is  to  be  .included  as  a contributing 
circuiiistance  in  the  test  cr  r.ot , Expnp'le  a:  a microphone  is  enr  h'ieered 
for  an  application  that  includes  a fixed  relationship  bet'ween  the  level 
of  side-tone  and  the  operation  ol'  the  microphone.  Example  _b:  a mlcro- 

a system  that  peimlts  the  level  of  sice-tone  to  be 


phone  Is  developed  for 


ai.tered. 


xRiiipjle  _c:  a rr. 

iiC  s'c.e-tone.  Examples  a 
live  voice  in  tne  te.?ting 
rall'ers  as  a function  of 


Lcropi'ione  is  cevelopec;  for  .a  sys 


em  that  yields 

nr,d  b probn blq  call  foi>  • :a:-.i  mum  utili-atlcn  of 

t until  the  vocal  resooriso  of 
cs  is  r'letermined , nnamole  c 


nwo  I’k , 

!-t,  Ol  . o 


at 

va: 


lea  i 
■i.-'P 


-1'.  - 


cpn  be  accorajnodated  equo?!.!;/  v/cll  by  live  voice  or  recorded  signal,  ’.iow- 
ever,  as  a ;^^uide  to  tnc  laboi’a torlcs  r-rid  electronic  centers  in  which 
'.microphones  ai-e  developed,  f urict  i oi’.s  sl-ould  ije  heipful  that  are  derived 
Troi:;  the  a du.;iri  1st  ration  cP  recor-’e''.'  tests  that  exceed  the  vocal  dl.Tiension 
that  may  accompany  the  side- tone  characteristics  presently  engineered. 


Possibl77  the  most  severe  cests  to  which  the  multiple-choice  In- 
tel lirlbility  tests  viere  subjected  in  the  course  of  the  trials  reported 
here  were  the  ones  in  connection  with  the  minor  alterations  in  the  side- 
tone  chajinel  'hi  quiet,  iirst,  the  changes  in  uhe  monitoring  system 
were  slight;  arid  second,  the  scores  were  high,  presumably  in  an  atypical 
portion  of  the  range  of  the  test,  ilowever,  the  test  was  discriminating. 
The  tests  are  being  e.xplored  furt'ser  to  discover  the  relationship  between 
score  and  both  I'^vel  and  band  width. 
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APFFliDIX 


rirectlons  for  Speakers  In  the  I.iult Iple-Cholce  Tests 


ThiD  test  will  prove  intei'ssting  to  you*  It  v/ill  demonstret?  to 
each  of  you,  and  to  the  remainder  of  the  group  who  are  to  serve  as  your 
listeners,  how  efficient  you  are  as  a speaker  under  conditions  of  (de- 
scribe conditions,  i.o.,  110-114  db  of  recorded  aircraft  noise,  class- 
room quiet,  etc,).  The  v/ords  you  speak  are  to  be  read  from  the  small  card 
(5*’  X 7")  that  is  on  your  desk.  As  an  illustration,  suppose  your  card  con- 
tained the  following  words,  "I  am  Speaker  One,  I say  again,  I arn  Speaker 
One,  L’.y  name  is  Doe , J_.  G,  i umV^^^r  1 mortar  shut  assist,  Dumber  2 blLmp 
injure  l<nobi  Number  5 gliding  battle  ignite,''  You  would  read  it  a-z  I did. 
You  may  have  noticed  that  I said  the  iuentlfyJng  ir;f crmat ion , speaker 
number  and  name,  without  atteition  to  the  clock  (sweep-hand  timer).  Then 
I waited  uiitll  the  hand  pointed  to  12  to  read  "Dumbei*  1 mortar  shut  assist,' 


The  hand  goes  around  in 
2,  etc,"  Then  the  next 
of  the  lines  allows  the 
read  "li umber 


6 seconds.  Then  it  hit  12  again , ‘ 
time  it  passed  12,  "1  unber  3,  etc.' 
listeners  time  to  respond.  You  rna; 


said,  "Dd'niber 
This  pacing 
have  noticed 

1 mortar  shut  assist"  as  a unit,  a phrase,  as  if 
the  words  were  a sentence  and  made  sense.  They  usually  don't,  but  read 
them  as  though  they  do,  as  a group,  all  on  one  breath.  This  permits  you 
to  read  each  line  with  the  natural  speech  nattems  of  ordinary  sentences. 
Remembei-’:  (a)  read  from  the  card;  (b)  say  the  introductory  mulerlal  when 

it  is  your  turn  to  talk;  then  vvatch  tlie  clock  rucd  when  the 
12  start  with  "Dumber  1,  etc,"  V.'ait  until  the  clock  is  at 

uJT.bsr  2,  etc.";  (c)  read  "naturally"  with  each  groi'P  of  three  'words  — 

-I  number  and  a digit  that  come  before  the  three  words — said  as 

if  the  line  made  sense,  all  on  or  a breath,  (Questions 


ttT, 


'.b 

cxiiU  the  wo 
a single  phrase 


12  again;  then 


are  called 
peated. ) 


for ; 


as 

if 


digit  that  come  before 
line  made  sense,  all  o; 


notje,  an  infonnal  summary  or  the  instructions  Is  re- 


APPEI.'DIX  B 


Clrections  i'or  i-iiatenera  Ir:  the  I.-v,ltlr-'le-Cholce  Tests 

You  are  going  to  hear  a ser5.es  of  groups  of  three  v/ords*  From  your 
responses  we  can  measure  both  the  intelllgibi  ilty  of  the  5jadividual(  s ) 
v/ho  read  the  words  and  ;your  Gfflc5.ency  a.q  a listener  in  a commuiilcatlon 
situation  (the  particular  listening  environment  Is  then  described/.  Let' 
look  at  tVia  front  cover  of  your  answer  forrij.  You  will  hear: 

■'This  is  speaker  test  iom , I am  Speaker  1;  I say  aga5n, 

I am  Speaker-  1,  Yy  name  Is  '‘.'oe,  J,  0,  (pause)  number  1 mor'tar 
shut  assist  (pause)  number  2 blimp  injure  knob  (pause)  number  5 
gliding  battle  ignite," 

You  v/ill  notice  that  for  each  word  i a'-ead  there  are  four  possible  choices 
or.  the  cover  of  your  ansv/er  .form.  You  heard  me  say,  "Lumber  1 mortar 
shut  assist:"  The  first  word  after  "Lumber  1"  was  mortar-  and  appeared 
in  the  first  group  of  four  vords.  The  second  word  shut  v/as  found  in  the 
second  group  of  four  -words  of  Lumber  1_  and  the  third  vo  rd  assist  ^'•ou 
found  in  the  third  group  of  lour  words  of  1; -amber  Y'our  resi^onse  was  to 

draw  a line  through  the  word  you  heard,  making  one  mark  in  each  group  of 
four  words.  Erasures  are  permitted.  (Eepeat  the  explanation  for  ex- 
amples Lumbers  ^ and  -questions  are  called  for,  ) Each  speaker  will 

read  nine  ( or  e i ght  in  ForriS  A and  B)  groups  of  three  words,  '..-rite  the 
spe'.:.'''-er‘ s name  as  \-ou  hear  it  in  the  space  above  the  list  he  reads,  Re- 
iiiSiibsr,  di-aw  a line  through  the  words  you  hear,  or  think  you  hear. 
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MEAN  NUMBER  OF  CORRECT  RESPONSES 


5 r 


10 

TRIALS 


FIGURE  2.  NUMBER  OF  CORRECT  RESPONSES 
OF  POSSIBLE  10,  IN  15  SUCCESSIVE  TRIALS 
OF  THE  PULSE  TEST.  N,  SUBJECTS  120-132. 


PERCENT  RIGHT  RESPONSES  PER  PANEL  IN  15  TESTS 


i 

I 


RELATIVE  SOUND  PRESSURE  LEVEL  (db) 

Figure  3.  percentages  of  correct  responses  to  items  that 

REPRESENT  10  LEVELS  OF  SOUND  PRESSURE.  N,  SUBJECTS,  i20-l32 
presentations  to  EACH  SUBJECT,  15, 


